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DRIVE SHAFT BALANCING 

BACKGROUND OF THE INVENTION 
The invention relates in general to drive shaft assemblies, such as are 
commonly found in the drive train systems of vehicles. In particular, this invention 
relates to improved balancing in such a vehicular drive shaft assembly. 

A vehicle drive shaft assembly delivers torque from a driving member, such as 
a transmission output shaft, to a driven member, such as an input shaft to an axle 
assembly. In many vehicles, a drive shaft assembly includes, in part, a hollow 
cylindrical drive shaft tube with a tube yoke welded to each end. Each tube yoke 
connects to and forms a part of a universal joint (U-joint). These U-joints help 
provide the rotational driving connection while accommodating a limited amount of 
angular misalignment between the rotational axes of the members. 

Often times, due to manufacturing variations, the drive shaft tube with welded- 
on yokes will not be balanced about the axis of rotation for this assembly. This is 
especially true of the yokes, which have a much more complex shape than the tube. 
An out of balance drive shaft can induce excessive vibrations in the drive line, which 
is undesirable. 

A conventional way to assure a balanced drive shaft assembly is to mount a 
drive shaft on a balancing machine and spin it to test its balance about the axis of 
rotation. If found out of balance, small balancing weights are welded to the outer 
surface of the drive shaft tube or yokes on the lighter weight side. But this drive shaft 
balancing technique tends to create stress risers at the weld locations for the balance 
weights, which may tend to reduce the fatigue life of the drive shaft. It also creates the 
possibility that a balance weight may be thrown off during vehicle operation, causing 
the drive shaft to operate out of balance. 
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Thus, it is desirable to have a balanced drive shaft for use in a vehicle without 
the drawbacks associated with conventional drive shaft balancing. 

SUMMARY OF THE INVENTION 
5 The present invention relates to a vehicular drive shaft assembly adapted for 

being balanced about an axis of rotation. The vehicular drive shaft assembly includes 
a drive shaft tube having a first end and a second end, and a first tube yoke including a 
first radially outer wall fixedly mounted to the first end of the drive shaft tube. A first 
balance pendulum is located radially inward of the first outer wall and rotationally 
10 fixable relative to the first tube yoke, and a second balance pendulum is located 

radially inward of the first outer wall and rotationally fixable relative to the first tube 
yoke. Also a second tube yoke is fixedly mounted to the second end of the drive shaft 
tube. 

The present invention also relates to a method for balancing a vehicular drive 
15 shaft assembly comprising the steps of: mounting a first balance pendulum to a first 
tube yoke; mounting a second balance pendulum to the first balance pendulum; 
securing the first tube yoke to a first end of the drive shaft tube such that the first and 
second balance pendulums are located within the drive shaft tube; securing a second 
tube yoke to a second end of the drive shaft tube; measuring the out of balance of the 
20 vehicular drive shaft assembly after the first and second tube yokes have been secured 
to the drive shaft tube; if the vehicular drive shaft assembly measures out of balance, 
adjusting the orientation of at least one of the first balance pendulum and the second 
balance pendulum relative to the first tube yoke in response to the out of balance 
measurement; and rotationally fixing the first and second balance pendulums relative 
25 to the first tube yoke. 

An advantage of an embodiment of the present invention is that a vehicular 
drive shaft assembly can be balanced about an axis of rotation without creating 
additional stress risers associated with conventional drive shaft balancing. 
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Another advantage of an embodiment of the present invention is that the 
vehicular drive shaft assembly can be balanced for rotation about an axis in a 
relatively simple and accurate manner. 

A further advantage of an embodiment of the present invention is that, with the 
balance weights located inside of the vehicular drive shaft assembly, the weights 
cannot be thrown off of the assembly during vehicle operation. 

Various objects and advantages of this invention will become apparent to those 
skilled in the art from the following detailed description of the preferred embodiment, 
when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of a drive shaft assembly in accordance with the present 
invention. 

Fig. 2 is a cross section taken along line 2-2 in Fig. 1. 

Fig. 3 is a cross section, on an enlarged scale, taken along line 3-3 in Fig. 1. 

Fig. 4 is a side elevation view of an internal pendulum in accordance with the 
present invention. 

Fig. 5 is a front elevation view of the internal pendulum of Fig. 4. 

Fig. 6 is a rear elevation view of the internal pendulum of Fig. 4. 

Fig. 7 is a side elevation view of an external pendulum in accordance with the 
present invention. 

Fig. 8 is a front elevation view of the external pendulum of Fig. 7. 

Fig. 9 is a rear elevation view of the external pendulum of Fig. 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring now to the drawings, there is illustrated in Figs. 1-9 a drive shaft 
assembly 20 and its components. The drive shaft assembly 20 includes a hollow, 
cylindrical drive shaft tube 22. A first tube yoke 24 has a radially outer wall 25 that is 
secured, preferably welded, to a first end 26 of the drive shaft tube 22. A second tube 



yoke 28 includes a radially outer wall 29 that is secured to a second end 30 of the drive 
shaft tube 22. Each tube yoke 24, 28 includes a pair of lugs, 32, 34, respectively, 
which connect to and form a part of conventional U-joints, not shown. The drive shaft 
assembly 20 is designed to and preferably rotates about an axis of rotation 35 in a 
5 perfectly balanced manner. But due to imperfections in fabrication and assembly, the 
drive shaft assembly 20 may rotate about this axis 35 in an unbalanced manner. For 
these unbalanced assemblies, a means for re-balancing each assembly is needed. 

A first outer balance pendulum 36 includes a balance weight 38 mounted on a 
pendulum arm 39, which, in turn, is mounted on an outer pendulum base 40. The 

10 outer pendulum base 40 is threaded into the first tube yoke 24 from within an internal 
cavity 41 formed by the radially outer wall 25. A first inner balance pendulum 42 
includes a balance weight 44 mounted on a pendulum arm 46, which, in turn, is 
mounted on an inner pendulum base 48. The inner pendulum base 48 is threaded into 
the outer pendulum base 40, also from within the internal cavity 41. 

15 By mounting the balance weights 38, 44 on pendulum arms 39, 46, 

respectively, the mass of each balance pendulum 36, 42 is farther from the axis of 
rotation 35. This provides a greater ability to adjust for an out of balance drive shaft 
assembly 20, for a given total mass, than if the mass is all located close to the axis of 
rotation 35. Also, since the tube yokes 24, 28 tend to be more of a concern with 

20 creating an out of balance drive shaft assembly 20, having the balance pendulums 36, 
42 mounted to the tube yoke 24 is preferable to mounting balancing weights to the 
drive shaft tube 22. 

A second outer balance pendulum 50 includes a balance weight 52 mounted on 
a pendulum arm 54, which, in turn, is mounted on an outer pendulum base 56. The 
25 outer pendulum base 56 includes external threads 58 that thread into a bore 59 in the 
second tube yoke 28 from within an internal cavity 60 formed by the radially outer 
wall 29. A second inner balance pendulum 62 includes a balance weight 64 mounted 
on a pendulum arm 66, which, in turn, is mounted on an inner pendulum base 68. The 
inner pendulum base 68 includes external threads 70 that thread into internal threads 
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72 in the outer pendulum base 56, also from within the internal cavity 60. As an 
alternative to internal and external threads on these components, they may be formed 
with smooth journals that fit relatively snugly together. This will also provide for the 
limited movement needed to hold the components together until the drive shaft 
5 assembly 20 is balanced. Then, a tack weld or adhesive can be employed to hold the 
components in place relative to one another. 

The second outer balance pendulum 50 preferably also includes a slot 74 in the 
end of the base 56 that is exposed to the outside of the drive shaft assembly 20. The 
slot 74 provides two functions. First, it can be used to determine the orientation of the 

10 second outer balance pendulum 50 after the first tube yoke 24 and second tube yoke 28 
have been secured to the drive shaft tube 22. Second, a tool, not shown, can be 
inserted into the slot and rotated in order to adjust the orientation of the second outer 
balance pendulum 50 as needed during the drive shaft assembly balancing operation, 
discussed below. The slot 74 provides these functions while minimizing the amount 

15 that the base 56 extends toward the lugs 34; thus, the second outer balance pendulum 
50 can perform its overall balancing function without interfering with the U-joint, not 
shown, that attaches to the lugs 34. 

The second inner balance pendulum 62 preferably has a slot 76 in the end of the 
base 68 that is exposed to the outside of the drive shaft assembly 20, similar to that of 

20 the outer balance pendulum 50. The purpose of this slot 76 is the same as with the 
other slot 74. In this way, both the second outer and inner balance pendulums 50, 62 
can be independently adjusted as needed to balance the drive shaft while not 
interfering with the adjacent U-joint. The first outer balance pendulum 36 and the first 
inner balance pendulum 42 also preferably have these types of slots for determining 

25 and adjusting their orientation after the first tube yoke 24 has been secured to the drive 
shaft tube 22. 

The assembly and balancing of the drive shaft assembly 20 is preferably 
accomplished as follows. The first outer balance pendulum 36 is screwed into the first 
tube yoke 24 until its base 40 just slightly extends from the exterior thereof. Then, the 
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first inner balance pendulum 42 is screwed into the first outer balance pendulum 36 
until its base 56 just slightly extends from the exterior of the tube yoke 24 and the 
balance weight 52 of the inner pendulum 42 is about 1 80 degrees from the balance 
weight 44 of the outer pendulum 36. Alternatively, the inner pendulum 42 may be 
5 screwed into the outer pendulum 36 and aligned prior to installing the outer pendulum 
36 into the first tube yoke 24. A common liquid material (not shown) for causing the 
threads to stick may be placed on at this time, or it may be placed on the threads of the 
balance pendulums 36, 42 prior to screwing them to the first tube yoke 24. The thread 
stick would not be meant to lock the parts in place, but to create a relatively high 
10 amount of friction so they would resist freely turning relative to one another. 

The shape and size of the first outer pendulum 36 is preferably coordinated 
with the shape and size of the first inner pendulum 42 so that, when oriented 1 80 
degrees from one another, they will be balanced about the axis of rotation 35. This 
will minimize the likelihood that the pendulums 36, 42 will cause an imbalance in the 
15 drive shaft assembly 20 as initially installed. 

The same assembly procedure is then followed for the second tube yoke 28 and 
its balance pendulums 50, 62. The two tube yokes 24, 28 are then inserted into and 
welded to the respective first and second ends 26, 30 of the drive shaft tube 22. 

The drive shaft assembly 20 is mounted on a conventional balancing machine 
20 (not shown) and rotated about its axis of rotation 35 in order to determine where, if 
any, out of balance exists. The thread stick will help keep the balance pendulums 36, 
42, 50, 62 from rotating relative to each other or the tube yokes 24, 28 during the 
testing. If any out of balance is found, then a conventional wrench, or some other tool 
that will fit into the slots 74, 76, can be employed to rotated one or more of the balance 
25 pendulums 36, 42, 50, 62 in order to create a drive shaft assembly 20 that will rotate in 
a balanced manner about its axis of rotation 35. Fig. 3 illustrates the second balance 
pendulums 50, 62 still at 180 degrees, while Fig. 2 illustrates an example of the first 
balance pendulums 36, 42 rotated after a balance test in order to allow for an overall 
balanced drive shaft assembly 20. 
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With this invention, all four of the balance pendulums 36, 42, 50, 62 can be 
moved independently of each other in order to allow for balancing of the drive shaft 
assembly 20 about the rotation axis 35. Once balanced, the outer balance pendulums 
36, 50 are preferably locked in place with a tack weld 80 (only shown for the second 
tube yoke 28) between each outer pendulum 36, 50 and its corresponding tube yoke 
24, 28, while the inner balance pendulums 42, 62 are preferably locked in place with 
the tack weld 82 (only shown for the second tube yoke 28) between each inner 
pendulum 42, 62 and its corresponding outer pendulum 36, 50. As an alternative to 
the tack welds, jam nuts, a thread adhesive, or some other means may be employed to 
secure the balance pendulums in position. The drive shaft assembly 20 is now 
balanced and ready to be installed in a vehicle. 

In accordance with the provisions of the patent statutes, the principle and mode 
of operation of this invention have been explained and illustrated in its preferred 
embodiment. However, it must be understood that this invention may be practiced 
otherwise than as specifically explained and illustrated without departing from its 
spirit or scope. 



